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(54) Fundus camera with visible and invisible illumination 



(57) A fundus camera having a simplified unit mech- 
anism having a fixation light disposed at a suitable po- 
sition for efficiently guiding a sight line, the fundus cam- 
era comprising an illumination optical system (1) for il- 
luminating a fundus of an eye (E) to be examined with 
visible illumination light (13) for photographing and with 
invisible illumination light (10,11) for observation, a pho- 
tographing optical system (2) having a first photographic 
element (26), for photographing an image of the fundus 
with visible reflection light from the fundus, an observa- 
tion optical system (3) having a second photographic el- 



ement (32) for photographing the image of the fundus 
with invisible reflection light from the fundus, a wave- 
length-selecting mirror (25) dividing light into invisible 
light, a part of visible light, and most of the visible light, 
a light-dividing member (31) further dividing the optical 
path of the observation optical system, and a fixation 
target (35) disposed on the optical path divided from the 
optical path of the observation optical system by the 
light-dividing member and at a conjugate position with 
a photographing surface of the second photographic el- 
ement. 
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Description 



SUMMARY OF THE INVENTION 



BACKGROUND OF THE INVENTION 
1 • Field of the Invention 

[0001] The present invention relates to a fundus cam- 
era for photographing a fundus of an eye to be exam- 
ined. 

2. Description of Related Art 

[0002] A fundus camera of a n on -mydriasis type is 
well-known to photograph an image of a fundus when 
an eye to be examined is under a non-mydiasis condi- 
tion without using mydriatics. Conventionally, as to a 
fundus camera of the non-mydriasis type, a pop-up mir- 
ror having regular mirror coating is used to switch be- 
tween an optical path of an observation optical system 
(this optical path may also be referred to simply as an 
observation optical path, hereinafter) in which the fun- 
dus is observed by using infrared light and an optical 
path of a photographing optical system (this optical path 
may also be referred to simply as a photographing op- 
tical path, hereinafter) in which the fundus is photo- 
graphed by visible light emitted from a flash lamp or the 
like. 

[0003] Also, as to a fundus camera of the non-mydria- 
sis type, it is preferable that a fixation light for guiding a 
sight line of an examinee be disposed in an optical sys- 
tem thereof. When a fundus camera has a pop-up mir- 
ror, it is possible that the fixation light is disposed on the 
observation optical path switched by the pop-up mirror 
[0004] However, in addition to that a mechanism hav- 
ing a pop-up mirror requires a control sequence in which 
the pop-up mirror synchronizes with a flash lamp and 
the like and that it complicates a driving mechanism, it 
has a disadvantage of driving sounds and vibrations at 
the time of photographing. 

[0005] Recently, a fundus camera having a dichroic 
mirror instead of a pop-up mirrorto guide visible light to 
a photographing optical path and infrared light to an ob- 
servation optical path has been proposed. However, a 
fixation light emitting visible light is never disposed on 
the observation optical path divided by using a dichroic 
mirror. In this structure, though it may be possible that 
an extra beam splitter is disposed on the photographing 
optical path, and that a fixation light is disposed on an 
optical path divided by the beam splitter, it is disadvan- 
tageous because light quantity for photographing may 
decrease. Furthermore, although it is possible that a fix- 
ation light is disposed in the same position as a focus 
index for adjusting the focus : it may be difficult to ar- 
range a mechanism for movement when the fixation 
light needs to be moved to guide a sight line. 



[0006] The present invention has been made in view 
of the above circumstances and has an object to over- 
5 come the above problems and to provide a fundus cam- 
era having a simplified unit mechanism, wherein an in- 
ternal fixation light is disposed at a suitable position for 
efficiently guiding a sight line. 

[0007] Additional objects and advantages of the in- 
fo vention will be set forth in part in the description which 
follows and in part will be obvious from the description, 
or may be learned by practice of the invention. The ob- 
jects and advantages of the invention may be realized 
and attained by means of the instrumentalities and corn- 
's binations particularly pointed out in the appended 
claims. 

[0008] To achieve the objects and in accordance with 
the purpose of the present invention, as embodied and 
broadly described herein, a fundus camera for photo- 
20 graphing afundus of an eye to be examined, the camera 
comprising an illumination optical system for illuminat- 
ing the fundus of the eye with visible illumination light 
for photographing and with invisible illumination light for 
observation, a photographing optical system having a 
25 first photographic element, for photographing an image 
of the fundus with visible reflection light from the fundus, 
an observation optical system having a first optical path 
shared with the photographing optical system, a second 
optical path divided from an optical path of the photo- 
30 graphing optical system by a first wavelength-selecting 
mirror a third optical path further divided from the sec- 
ond optical path by a light-dividing member, and a sec- 
ond photographic element disposed on the third optical 
path, for photographing an image of the fundus with in- 
35 visible reflection light from the fundus, wherein the first 
wavelength-selecting mirror has a wavelength-selecting 
property of transmitting either approximately all of an in- 
visible wavelength range and a part of a visible wave- 
length range or almost all of the visible wavelength 
to range and reflecting the other, and a fixation target pro- 
jection optical system having the first optical path, the 
second optical path, a fourth optical path divided from 
the third optical path by the light-dividing member, and 
a light source for eye fixation emitting visible light dis- 
^ posed at a conjugate position with a photographing sur- 
face of the second photographic element on the fourth 
optical path. 



50 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0009] The accompanying drawings, which are incor- 
porated in and constitute a part of this specification, il- 
lustrate embodiments of the present invention and, to- 
gether with the description, serve to explain the objects, 
55 advantages and principles of the invention. In the draw- 
ings, 



Fig. 1 is a view showing a schematic configuration 
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of an optical system of a fundus camera consistent 
with a preferred embodiment of the present inven- 
tion; 

Fig. 2 is a view showing an optical property of a di- 
chroic mirror; and 

Fig. 3 is a view showing a schematic configuration 
of primary units of a control system of the fundus 
camera consistent with the preferred embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 0] A detailed description of one preferred embod- 
iment of a fundus camera embodying the present inven- 
tion will now be given referring to the accompanying 
drawings. Fig. 1 is a schematic view of an optical system 
of the fundus camera of the non-mydriasis type consist- 
ent with a preferred embodiment of the present inven- 
tion. As an optical system, there are provided an illumi- 
nation optical system 1 , a photographing optical system 
2, an observation optical system 3, a fixation target pro- 
jection optical system 35, and a focus index projection 
optical system 45. 

Illumination Optical System 

[0011] Illumination light emitted from a halogen lamp 
10, which is a light source for observation, is changed 
into infrared illumination light by using an infrared filter 
11 having a wavelength-selecting property which trans- 
mits infrared light with wavelengths of 750 nm or longer. 
After passing through a condenser lens 12, the infrared 
illumination light is reflected by a dichroic mirror 15 hav- 
ing a wavelength-selecting property which reflects infra- 
red light and transmits visible light, and it illuminates a 
ring slit 1 6 having a ring-shaped aperture. Instead of the 
halogen lamp 1 0, other kinds of infrared light sources, 
such as an infrared LED and the like, may be used. Un- 
der this condition, the filter 11 is not required. 
[0012] Also, after visible illumination light emitted 
from a flash lamp 13, which js a light source for photo- 
graphing, passes through a condenser lens 14, it is 
transmitted through the dichroic mirror 1 5 and becomes 
coaxial with the optical axis of the infrared illumination 
light to illuminate the ring slit 16. 

[0013] After passing through the slit 16, the illumina- 
tion light (ring slit light) forms an intermediate image 
near an aperture in a mirror 21 with an aperture via a 
relay lens 17a, a mirror 18, a black dot plate 19 having 
a small dot on its center, a beam splitter 48 , and a relay 
lens 1 7b, whereby the light is reflected to be coaxial with 
the optical axis of the photographing optic system 2. Af- 
ter the illumination light (ring slit light) reflected by the 
mirror 21 once converges through an objective lens 20 
near a pupil of an eye E to be examined, it diffuses to 
evenly illuminate a fundus Ef of the eye E. When the 
ring slit light passes through the objective lens 20, a little 



4 

light is reflected and becomes detrimental light to ob- 
serving and photographing an image of a fundus Ef, but 
the detrimental light is absorbed by a small black dot 
placed in the center of the black dot plate 1 9. 

5 

Photographing Optical System 

[0014] Reflected light from the fundus Ef passes 
through the lens 20, the aperture in the mirror 21 , a pho- 
io tographic diaphragm 22, a focusing lens 23 which is 
movable along the optical axis, and an image forming 
lens 24, and then it enters a dichroic mirror (dichroic 
prism) 25. As indicated in Figure 2, the dichroic mirror 
25 has a wavelength-selecting property of transmitting 
is about 80% to 90% of visible light with wavelengths rang- 
ing from approximately 700 nm to 800 nm and reflecting 
the residual light accounting for about 20% to 10% as 
well as most infrared light (reflecting almost all the infra- 
red light with wavelengths of approximately 800 nm or 
longer). Visible reflection lightfrom thefundus Ef, having 
passed through the dichroic mirror 25, goes into a color 
CCD camera 26 for photographing having a sensitivity 
to the visible range, and an image of the fundus Ef is 
formed on a photographing surface of the CCD camera 
26. A photographed image of thefundus Ef may be used 
as an electrical image provided that the camera 26 is a 
high resolution digitized CCD camera having millions of 
picture elements. 

Observation Optical System 

[0015] The observation optical system 3 shares the 
elements from the lens 20 to the dichroic mirror 25 with 
the photographing optical system 2, and an observation 
optical path P2 is divided from a photographing optical 
path P1 by the dichroic mirror 25. After infrared reflection 
light from the fundus Ef reflected by the dichroic mirror 
25 passes through a relay lens 30, it is further reflected 
by a dichroic mirror 31 , which has the same wavelength- 
selecting property as the dichroic mirror 25, so as to en- 
ter a CCD camera 32 for observation having a sensitivity 
to the infrared range. Then, an image of the fundus Ef 
is formed on its photographing surface. 
[0016] The lens 23, which is movable along the optical 
axis of the optical path P0 shared by the photographing 
optical system 2 and the observation optical system 3, 
provides a way for adjustment of a refractive error to be 
consistent with a refractive power of the eye E. The lens 
23 is fixedly disposed on a rack 42, and the rack 42 is 
engaged with a pinion 41 fixedly attached to a rotation 
axis of a stepping motor 40. The lens 23 moves on the 
optical axis in conjunction with the rack42 and the pinion 
41 by rotation of the motor 40, and it brings an image of 
the fundus Ef into focus on the photographing surfaces 
of the cameras 26 and 32. 
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Focus Index Projection Optical System 

[0017] The focus index projection optical system 45 
has an index plate 47, an LED 46 emitting infrared light, 
and a beam splitter 48, and the index plate 47 and the 
LED 46 move together with the lens 23. After passing 
through the index plate 47, the infrared light for an index 
projection is reflected by the beam splitter 48 and the 
mirror 21 to form an image on a conjugate plane (not 
illustrated) with the fundus Ef once : and then it is pro- 
jected into the fundus Ef via the lens 20. As an image of 
the focus index is projected on the fundus Ef by infrared 
light, its infrared reflection light is reflected by the dich- 
roic mirrors 25 and 31 and is photographed along with 
the image of the fundus Ef by the camera 32. 

Fixation Target Projection Optical System 

[001 8] The fixation target projection optical system 35 
is disposed on the observation optical path P2 side di- 
vided from the photographing optical path P1 by the di- 
chroic mirror 25. The dichroic mirror 31 further divides 
the observation optical path P2 into optical paths P3 and 
P4, and a fixation light 36 emitting visible light is provid- 
ed (disposed) on the optical path P4 divided from the 
optical path P3 on which the camera 32 is provided (dis- 
posed). The fixation light 36, disposed at an end of an 
adjustment knob 37, is arranged to be movable within 
an approximately conjugate plane with the fundus Ef 
and the photographing surface of the camera 32. The 
fixation light 36 is moved within the plane vertical to the 
projection optical axis as an examiner operates the ad- 
justment knob 37. Accordingly, the position of the fixa- 
tion light presented to the eye E can be changed, and 
the fundus Ef can be guided to a desired position for 
photographing. 

[001 9] Approximately 80% to 90% of the visible light 
emitted from the fixation light 36 is transmitted through 
the dichroic mirror 31 and enters the dichroic mirror 25 
after passing through the lens 30. Although approxi- 
mately only 20% to 10% of the visible light (the fixation 
target) having entered the dichroic mirror 25 is reflected, 
the visible light proceeds along the shared optical path 
P0 to be visible to the eye E and to induce eye fixation 
by the eye E (the visible sensitivity of a human eye is 
sensitive enough to catch a visible fixation target slightly 
reflected by the dichroic mirror 25). The brightness of 
the fixation target to be visible to the eye E may be easily 
increased by adjusting light quantity of the fixation light 
36, and light-dividing members, such as a half mirror, 
may replace the dichroic mirror 31 . 
[0020] Also, when the fixation light 36 is at a conjugate 
position with the photographing surface of the camera 
32, and when a catoptric system is provided in orderthat 
the light from the fixation light 36 forms an image on the 
photographing surface, an image of the fixation light 
along with the image of the fundus Ef can be shown on 
an after-mentioned liquid crystal display (LCD) 53 con- 



nected with the output of the camera 32. Accordingly, 
eye fixation is induced while the movement of the fixa- 
tion light is observed and operated on the LCD 53. 
[0021] Although it is mentioned above that the dich- 
5 roic mirror 25 has a wavelength-selecting property 
which transmits approximately 80% to 90% of visible 
light and reflects the residual light, the ratio (proportion) 
of transmission and reflection is not limited to the spe- 
cific ratio mentioned above. As it is difficult to completely 
^0 separate visible light from infrared light considering pro- 
duction of a thin film of a dichroic mirror, a wavelength 
range of reflected visible light usually remains in a part 
of a daichroic mirror. Accordingly, the ratio of separating 
visible light and infrared light may be determined in view 
15 of sensitivity of an eye E and a CCD camera and/or of 
light quantity of the fixation light. 
[0022] As mentioned above, the fixation target projec- 
tion optical system 35 has a fixation light embedded on 
the observation optical path P2 side, which is the optical 
20 path of reflected infrared light, by taking advantage of a 
wavelength range (properties) of reflected visible light 
remaining (made to remain) in a part of the dichroich 
mirror 25. Therefore, the embedded fixation light can be 
visible to the examinee, and the system may be con- 
25 structed without a driving mechanism to switch optical 
paths, such as a pop-up mirror. In addition, when a 
mechanism to move the fixation light for guiding a sight 
line is used, its arrangement can be simplified. 
[0023] Next, as to a fundus camera having the above- 
30 mentioned structure, a description of functions of prima- 
ry units in a control system of the fundus camera will be 
given referring to Figure 3 showing a schematic config- 
uration of the system. 

[0024] First, as preparation for photographing the eye 

35 E, an alignment between the eye E and the optical sys- 
tem of the apparatus (fundus camera) is performed. The 
optical system stored in a casing is put on a movable 
base, and it makes a relative movement to a fixed base 
by a sliding mechanism, which is not indicated in the 

40 figure. After the head of an examinee is fixed on a chin 
rest disposed on the fixed base, the eye E is illuminated 
by infrared illumination light by turning on the lamp 10. 
Infrared reflection light from the fundus Ef is reflected 
by the dichroic mirror 25, and an image of the eye E is 

^5 photographed by the camera 32. After converted from 
analog to digital, picture signals from the camera 32 are 
inputted to an image memory/image-processing unit 51 
and an image-converting unit 52 for converting those 
picture signals to picture signals for the LCD display, and 

50 then to the LCD 53, which is a liquid crystal display, 
whereby the image of the eye E is displayed thereon. 
While observing the image of the eye E (a monochrome 
image at this point) shown on the LCD 53 ; the examiner 
observes an alignment reflex formed by an alignment 

55 optical system not shown in the figure (for example, the 
alignment optical system may be structured by dispos- 
ing the edges of a pair of right and left optical fibers emit- 
ting infrared light in front of the diaphragm 22) in order 
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to perform an alignment for adjustment of the working 
distance between the eye E and the optical system and 
for adjustment of the optical axes. 
[0025] After completing the alignment, the examiner 
moves the lens 23 by operating a focusing switch 56 so 5 
that the photographing surfaces of the cameras 26 and 
32 are placed at conjugate positions with/the fundus Ef . 
A control unit 50 rotates the motor 40 in accordance with 
an operational signal of the switch 56 and moves the 
lens 23 along the optical axis. This operation is done to 10 
correct the gap in a focus position derived from a refrac- 
tive error of the eye E, to adjust the focus to the fundus 
Ef, and to form a clear image of the fundus Ef. As men- 
tioned before, as the visible light emitted from the fixa- 
tion light 36 is reflected by the dichroic mirror 25 and is 
projected onto the fundus Ef, the visible light can be 
clearly recognized due to correction of a refractive error 
of the eye E, and then the examinee can fixate his eye 
to the light emitted from the fixation light 36. 
[0026] An image of a focus index (an image on an in- 20 
dex plate 47) photographed by the camera 32 along with 
an image of a fundus Ef by the camera 32 is utilized for 
adjusting the focus by moving the lens 23. While observ- 
ing the infrared fundus image and the image of the focus 
index photographed by the camera 32 and displayed on 25 
the LCD 53, the examiner operates the switch 56 to ad- 
just the focus of the image of the focus index. By doing 
this operation, it is possible to correct the gap with a fo- 
cus position derived from the refractive error of the eye 
E. At this stage, the control unit 50 obtains a travel po- 30 
sition (a movement amount) by recognizing the number 
of rotary pulses of the motor 40 and converts it into di- 
opters indicating a refractive degree and displays on the 
LCD 53. The display of the diopter may be a guideline 
for the examiner to note a degree of the refractive error 35 
of the eye E. When the degree of the refractive error is 
already known, a moving direction of the lens 23 is easily 
recognized, and the focus of the fundus image is easily 
adjusted by comparing the known degree and the infor- 
mation displayed on the LCD 53. Further, the fixation *o 
light 36 can be used in a manner that the examinee can 
easily and clearly recognize it from the start. 
[0027] In order to change the part of the fundus Ef to 
be photographed : the fixation light 36 is moved in a pre- 
ferred direction by operating the adjustment knob 37. 45 
When the camera 32 is used to photograph an image of 
the fixation light 36, the examiner can easily recognize 
where to move the fixation light 36 because the image 
of the fixation light 36 is shown along with the fundus 
image on the LCD 53. 50 
[0028] After completing adjustment of the focus to ob- 
serve an image of the fundus Ef to be photographed, 
the examiner generates a trigger signal by pressing a 
photographing switch 55. In response to input of the trig- 
ger signal, a control unit 50 causes the firing (lighting) 55 
to the lamp 13 in order to illuminate the fundus Ef with 
visible illumination light. Visible reflection light from the 
fundus Ef enters the camera 26 as it proceeds along the 



optical path mentioned above. Picture signals from the 
camera 26 are inputted to the image memory/image- 
processing unit 51 , and a still picture is stored in the im- 
age memory/image-processing unit 51 in synchronism 
with the firing (lighting) of the lamp 1 3. 
[0029] After the picture signals sent from the image 
memory/image-processing unit 51 are changed into an 
image photographed by the camera 26 under control by 
the control unit 50, the photographed image is inputted 
into the LCD 53 via the image-converting unit 52, and 
the image of the fundus Ef is shown in color on the LCD 
53. 

[0030] An image storage unit 60, such as an MO (a 
magneto-optical disk) and/or a memory card : for storing 
a large amount of image data is connected to the control 
unit 50 so that the image storage unit 60 can preserve 
the photographed image stored in the image memory/ 
image-processing unit 51 . It is possible that the image 
data stored in the image memory/image-processing unit 
51 and the image storage unit 60 are output and sent to 
an external computer 70 connected thereto with a com- 
munication cable, so that the image of the fundus Ef is 
freely displayed and observed on a display 71 connect- 
ed to the computer 70, and that the image is printed out 
by a printer 72. For example, when a memory card is 
used as the image storage unit 60, the computer 70 
reads in the data stored in the memory card and sends 
them out to display the image of the fundus on the dis- 
play 71 , and to print it out by using the printer 72. 
[0031] As explained above, according to the present 
invention, it is possible to simplify a unit mechanism and 
to dispose an internal fixation light at a suitable position 
for efficiently guiding a sight line. 
[0032] The foregoing description of the preferred em- 
bodiments of the invention has been presented for pur- 
poses of illustration and description. It is not intended to 
be exhaustive orto limit the invention to the precise form 
disclosed, and modifications and variations are possible 
in the light of the above teachings or may be acquired 
from practice of the invention. The embodiments chosen 
and described in order to explain the principles of the 
invention and its practical application to enable one 
skilled in the art to utilize the invention in various em- 
bodiments and with various modifications as are suited 
to the particular use contemplated. It is intended that the 
scope of the invention be defined by the claims append- 
ed hereto, and their equivalents. 



Claims 

1 . A fundus camera for photographing a fundus of an 
eye to be examined, the camera comprising: 

an illumination optical system for illuminating 
the fundus of the eye with visible illumination 
light for photographing and with invisible illumi- 
nation light for observation; 
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a photographing optical system having a first 
photographic element, for photographing an 
image of the fundus with visible reflection light 
from the fundus; 

an observation optical system having 5 

a first optical path shared with the photo- 
graphing optical system, 
a second optical path divided from an op- 
tical path of the photographing optical sys- 10 
tern by a first wavelength-selecting mirror, 
a third optical path further divided from the 
second optical path by a light-dividing 
member, and 

a second photographic element disposed '5 
on the third optical path, 

for photographing an image of the fundus with 
invisible reflection light from the fundus, 
wherein the first wavelength-selecting mirror 20 
has a wavelength-selecting property of trans- 
mitting either approximately all of an invisible 
wavelength range and a part of a visible wave- 
length range or almost all of the visible wave- 
length range and reflecting the other; and 25 
a fixation target projection optical system hav- 
ing the first optical path, the second optical 
path, a fourth optical path divided from the third 
optical path by the light-dividing member, and 
a light source for eye fixation emitting visible 30 
light disposed at a conjugate position with a 
photographing surface of the second photo- 
graphic element on the fourth optical path. 

The fundus camera according to claim 1 , further 35 
comprising a moving unit which moves the light 
source for eye fixation within a plane vertical to an 
optical axis of the fourth optical path. 

The fundus camera according to claim 1 , wherein 40 
the illumination optical system includes: 

a visible illumination optical system, which has 
a first light source and illuminates the fundus 
with visible illumination light; and 45 
an invisible illumination optical system which 
has a second light source and illuminates the 
fundus with the invisible illumination light. 

The fundus camera according to claim 3, wherein 50 
the second light source includes a lamp emitting 
white illumination light, and 

the invisible illumination optical system further 
has an infrared transmission filter and illuminates 
the fundus with infrared illumination light. 55 

The fundus camera according to claim 3, further 
comprising a second wavelength-selecting mirror 



disposed on the optical paths of the visible illumina- 
tion optical system and the invisible illumination op- 
tical system for making them coaxial, wherein the 
second wavelength-selecting mirror has a wave- 
length-selecting property of transmitting either the 
invisible wavelength range or the visible wave- 
length range and reflecting the other. 

6. The fundus camera according to claim 1 , wherein 
the first wavelength-selecting mirror has a wave- 
length-selecting property of transmitting either ap- 
proximately 80% to 90% or approximately 20% to 
1 0% of a wavelength range ranging from about 700 
nm to 800 nm and reflecting the other. 
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(54) Fundus camera with visible and invisible illumination 



(57) A fundus camera having a simplified unit mech- 
anism having a fixation light disposed at a suitable po- 
sition for efficiently guiding a sight line, the fundus cam- 
era comprising an illumination optical system (1) for il- 
luminating a fundus of an eye (E) to be examined with 
visible illumination light (13) for photographing and with 
invisible illumination light (10,11) for observation, a pho- 
tographing optical system (2) having a first photographic 
element (26), for photographing an image of the fundus 
with visible reflection light from the fundus, an observa- 
tion optical system (3) having a second photographic el- 



ement (32) for photographing the image of the fundus 
with invisible reflection light from the fundus, a wave- 
length-selecting mirror (25) dividing light into invisible 
light, a part of visible light, and most of the visible light, 
a light-dividing member (31) further dividing the optical 
path of the observation optical system, and a fixation 
target (35) disposed on the optical path divided from the 
optical path of the observation optical system by the 
light-dividing member and at a conjugate position with 
a photographing surface of the second photographic el- 
ement. 
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